The structure and morphology of nano-sized Cu islands grown by sputter deposition on SiO 2 substrates without and with a 5-nm Ti underlayer are investigated using transmission electron microscopy. On SiO 2 , spherical Cu islands with a random crystalline orientation are formed, whereas on Ti/SiO 2 , semi-spherical islands with a preferred <111> crystalline orientation are formed. Moreover, the Cu islands on Ti/SiO 2 have a larger size, longer inter-island distance, and higher number density than those on SiO 2 . These structural and morphological changes at the nanoscale are discussed from a)
the viewpoint of interfacial interactions. Our study suggests that by using an appropriate metal underlayer, it is possible to fabricate nano-sized islands with the desired wettability, crystalline orientation, as well as morphology of island ensembles.
I. INTRODUCTION
With the continuous scaledown of ultra-large-scale integrations (ULSI), and the rapid development of quantum devices with enhanced optic, electronic, and magnetic performances, the structural and morphological control of nano-sized three-dimensional (3D) islands formed during the initial stages of thin film growth is becoming increasingly significant. The wettability [1] [2] [3] and crystallographic structure 4-7 of nano-sized islands are determined by thermodynamic factors represented as surface/interface energies. On the other hand, the time-dependent morphology of island ensembles, such as island size, inter-island distance, and island number density, [8] [9] [10] [11] is determined by kinetic factors represented as adatom/island mobility. Because both thermodynamic and kinetic factors are related to island/substrate interfacial interactions, nano-sized islands with the desired structure and morphology should be formed under controlled interfacial interactions. However, little has been reported about the attempt at the structural and morphological control of nano-sized islands, and its effects on the structure of continuous thin films.
The purpose of this study is to systematically investigate how the island wettability, crystalline orientation, and the morphology of island ensembles can be controlled using surface modification technologies. Cu/SiO 2 , widely used in ULSI and catalysis, is selected as the study subject. We use Ti as an underlayer between Cu and SiO 2 to adjust the interfacial interactions, because on Ti substrates, Cu thin films have excellent adhesion, 12, 13 and grow with an <111> texture. 14, 15 In this paper, the initial growth of sputter deposited Cu on bare SiO 2 and SiO 2 with a Ti underlayer is investigated. The Transmission electron microscopy (TEM) images and selected area electron diffraction (SAED) patterns were taken using a JEOL JEM2010F operating at 200 kV.
The specimens for TEM observation were prepared using conventional mechanical grinding, polishing, and dimpling, followed by Ar ion milling at an acceleration voltage of 4 keV and an incidence angle of 6°. X-ray diffraction (XRD) was used to investigate the texture of continuous Cu thin films. XRD patterns were recorded using Cu-Kα radiation in a RINT2400 (RIGAKU) operating at 40 kV and 200 mA.
III. RESULTS

A. Wettability of nano-sized Cu islands
The Therefore, the Ti underlayer changes the morphological evolution of Cu island ensembles. The lower mobility of Cu islands on Ti/SiO 2 accounts for the formation of island ensembles with a higher number density, a smaller size and inter-island distance than those on SiO 2 .
IV. DISCUSSION
The 5-nm Ti underlayer changes the nano-sized Cu islands during the initial growth of Cu thin films in three aspects: the outer shape and inner structure of island individuals, and the time-dependent morphology of island ensembles. Cu islands on SiO 2 are spherical with random crystalline orientation, whereas those on Ti/SiO 2 are semi-spherical with a preferred <111> crystalline orientation. Moreover, Cu islands on Ti/SiO 2 grow with a smaller island size and inter-island distance, and a higher island number density, compared with those on SiO 2 . These changes can be understood from interfacial interactions characterized by element affinity and crystallographic similarity. formation of Cu islands with a larger sizes and inter-distances, and a lower number density.
It is reasonable that the decrease in melting points for small particles 21 might kinetically permit the wettability variation of nano-sized Cu islands. The crystalline orientation evolution of Cu islands on Ti/SiO 2 between t d = 10 s and 5 s might be explained from the crystallographic reconstruction with small barriers for nano-sized islands. 22 Finally, the energy needed for structure reconstruction and migration of Cu islands might be obtained from the energy released from incorporation of adatoms and from island coalescence. 8 Our results about the increased wettability and enhanced <111> orientation of Cu islands provide an approach for fabricating Cu-based interconnections with good adhesion and strong electromigration resistance. Cu thin films with an <111> preferred orientation have been reported to be crucial for increasing the electromigration resistance. 23 Besides, our study suggests that by controlling interfacial interactions and other factors, it is possible to fabricate islands with the desired size/distance distribution and well-defined density.
V. CONCLUSIONS
Using a 5-nm Ti underlayer, the wettability and crystalline orientation of Cu islands, as well as their size, distance and density, can be controlled from non-wetting to wetting, from random to <111> crystalline orientation, and from the adatom-diffusion-dominated to the island-migration-dominated growth mechanism. The enhanced interfacial interactions between the Cu islands and the <0001> textured Ti underlayer, compared with those on SiO 2 , lead to a change in the wettability and crystalline orientation, and adatom/island mobility. Our studies suggest that by using surface modification technologies, we should be able to fabricate nano-sized islands or continuous thin films with the desired structures and properties, because of the large contribution of interface effects on nano structures formed during the initial growth of thin films. 
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